1. Introduction {#sec1}
===============

Diabetes mellitus is the most common chronic endocrine metabolic disorder \[[@B33]\]. Diabetes causes many functional and structural complications in different organs, such as testis, pancreas, and brain \[[@B1]--[@B36]\]. Diabetes can impair male reproductive functions in both humans and animals \[[@B29], [@B32]\]. Diabetes also impairs spermatogenesis and reduces sperm count, sperm motility, seminal fluid volume, and testosterone levels \[[@B17], [@B29], [@B32]\]. In our previous study, we showed that seminiferous tubule diameter was reduced and basement membrane was thickened in seminiferous tubules and degenerated germ cells in diabetic animals \[[@B17]\].

Vascular endothelial growth factor (VEGF) is known as neurotrophic and angiotrophic factor; therefore, it induces proliferation of endothelial cells and increases permeability of the vessel wall \[[@B13], [@B24]\]. Sertoli and Leydig cells both produce VEGF and have VEGF receptors \[[@B13]\]. VEGF is important in germ cell homeostasis \[[@B30]\].

NGF is a neurotrophic factor that regulates a number of vital functions of the neurons including survival, growth, proliferation, and differentiation \[[@B20]\]. NGF is found in the seminal vesicle, epididymis, testis, Leydig cells, Sertoli cells, and spermatogonia \[[@B12]--[@B31]\]. It stimulates sperm motility and facilitates sperm cell acrosome reactions \[[@B18]\]. In addition, NGF is important for the proliferation and differentiation of Leydig cells and NGF promotes testosterone production \[[@B38]\]. These previous studies indicate that both VEGF and nerve growth factor (NGF) play an important role for male reproductive system \[[@B13]--[@B30], [@B12]--[@B31], [@B38]\].

The aim of this study is to investigate the correlation between testicular damage and testicular VEGF and NGF-*β* levels in diabetic rats.

2. Materials and Methods {#sec2}
========================

Adult male Wistar Albino rats (Dokuz Eylul University, Experimental Animal Laboratory, Izmir, Turkey) were housed in individual cages with free access to water and laboratory chow. Rats were maintained in a 12 h light/12 h dark cycle at constant room temperature (22 ± 1°C), humidity (60%). All experimental procedures were performed as approved by the Animal Care and Use Committee of the Dokuz Eylul University, School of Medicine.

Rats were divided into two groups: (1) control group (*n* = 7) and (2) diabetic group (*n* = 7). Diabetes was induced by a single intraperitoneal injection of streptozotocin (Sigma, St. Louis, MO; 45 mg/kg) ([Figure 1](#fig1){ref-type="fig"}). Twenty-four hours after streptozotocin treatment, induction of diabetes in the experimental group was confirmed by blood glucose levels over 250 mg/dL \[[@B36], [@B2]\].

Five weeks after streptozotocin injection, following a light ether anesthesia, the testes tissues were extracted for biochemical and histological examination.

Testes tissue samples were fixed in 10% formalin in phosphate buffer for 24 h. The tissues were sectioned into sequential 5 *μ*m sections using a microtome (Thermo Finesse M+). All sections were stained by hematoxylin-eosin and periodic acid-Schiff (PAS). The images were analyzed using a computer assisted image analyzer system consisting of a microscope (Olympus CX-41 Tokyo, Japan) equipped with a high-resolution video camera (Olympus DP21, Japan).

For PAS staining, the sections were incubated in 0.1% periodic acid for 5 min. The slides were washed in running tap water and immersed in Schiff\'s reagent for 15 min. Subsequently, the sections were washed in tap water for 10 min, counterstained with Mayer\'s hematoxylin, washed in tap water, and dehydrated in graded ethanol. Finally, the sections were cleared in xylene and mounted with Entellan.

2.1. Examination of Spermatogenesis {#sec2.1}
-----------------------------------

Johnsen\'s score was used to categorize the spermatogenesis \[[@B18]\]. It applies a grade from 1 to 10 to each tubule cross section according to the following criteria: 10 = complete spermatogenesis and perfect tubules; 9 = many spermatozoa present and disorganized spermatogenesis; 8 = only a few spermatozoa present; 7 = no spermatozoa but many spermatids present; 6 = only a few spermatids present; 5 = no spermatozoa or spermatids but many spermatocytes present; 4 = only a few spermatocytes present; 3 = only spermatogonia present; 2 = no germ cells but only Sertoli cells present; 1 = no germ cells and no Sertoli cells present.

2.2. Measurement of Seminiferous Tubule Diameter {#sec2.2}
------------------------------------------------

The 10 most circular seminiferous tubules were randomly identified in each section of the testis, and their diameters were measured with an ocular micrometer using the 40x objective. The mean seminiferous tubule diameter (MSTD) in micrometers was determined for each testis.

2.3. Measurement of Seminiferous Tubule Basement Membrane {#sec2.3}
---------------------------------------------------------

Five-micrometer-thick sections were obtained from each animal and they were stained with PAS. All sections were viewed under a microscope with an attached video camera and image analyzer system (CellSens Entry). The measurement was performed on 10 randomly selected seminiferous tubule basement membranes (STBM) from each section and averaged.

2.4. Measurement of Apoptosis {#sec2.4}
-----------------------------

Apoptosis was evaluated by the in situ terminal-deoxynucleotidyl-transferase-mediated dUTP digoxigenin nick end labeling (TUNEL) assay. TUNEL staining was performed using an In Situ Cell Death Detection Kit (Roche, Germany) according to the manufacturer\'s protocol. Briefly, the sections were deparaffinized, hydrated by successive series of alcohol, washed in distilled water followed by phosphate-buffered saline (PBS), and deproteinized by proteinase K (20 *μ*g/mL) for 15 min at 37°C. Then the sections were rinsed and incubated in the TUNEL reaction mixture. The sections were rinsed and visualized using converter-POD with 0.02% 3,3′-diaminobenzidine (DAB). The sections were counterstained with hematoxylin. Detection of apoptotic cells was performed under the light microscope at a magnification of 40x. The apoptotic index was defined as the number of apoptotic TUNEL-positive cells per 100 tubules. Two observers blinded to the source of testicular tissue performed all measurements.

2.5. VEGF Immunohistochemistry {#sec2.5}
------------------------------

Immunohistochemical staining of testis tissues was performed using the streptavidin/biotin method (85-9043, Invitrogen, Camarillo, CA). The immunohistochemistry procedure for VEGF (SC-7629, Santa Cruz, USA) was performed. Tissue sections were incubated at 60°C overnight then dewaxed in xylene for 30 min. After rehydrating through a decreasing series of alcohol, sections were washed in distilled water for 10 min. They were then treated with 10 mM citrate buffer (AP-9003-125, Labvision) at 95°C for five minutes, to unmask antigens by heat treatment. Then slides washed in deionized water three times for two minutes. Sections were incubated in 3% hydrogen peroxide for 10 min to inhibit endogenous peroxidase activity. They were then incubated with normal serum blocking solution for 30 minutes. Sections were incubated in a humid chamber with antibody to VEGF (1/50 dilution: SC-7629, Santa-Cruz Biotechnology). For negative controls, distilled water was used in place of the primary antibody. They were washed three times for 5 min each with PBS, followed by incubation with biotinylated IgG and then with streptavidin-peroxidase conjugate. After washing three times for 5 min with PBS, sections were incubated with DAB substrate containing diaminobenzidine for 5 min to detect immunoreactivity and then with Mayer\'s hematoxylin. Sections were covered with mounting medium. Immunohistochemical evaluation was performed based on the intensity of VEGF immunoreactivity in the testes. A semiquantitative immunolabelling scale from 1 to 4 was graded as follows: 1, none; 2, mild; 3, moderate; and 4, strong.

2.6. Biochemical Investigation {#sec2.6}
------------------------------

VEGF and NGF-*β* levels of testes homogenates were measured using commercially available ELISA kits specific for rat (VEGF Catalog number EK0308, Boster Immunoleader, Wuhan, China with assay sensitivity \<1 pg/mL and range 15.6--1000 pg/mL; NGF-*β*, Catalog number EK0471, Boster Immunoleader, Wuhan, China, with assay sensitivity \<1 pg/mL and range 15.6--1000 pg/mL), according to the manufacturer\'s instructions.

2.7. Statistical Investigation {#sec2.7}
------------------------------

Statistical analysis was performed by using SPSS 15.0. Differences between groups were calculated using a nonparametric test (Mann Whitney *U* test). Correlations among groups were calculated using Pearson correlation analysis. Results are presented as mean ± S.E.M. *P* \< 0.05 was considered statistically significant.

3. Results {#sec3}
==========

Diabetic process was found to be correlated with decreased VEGF and NGF-*β* levels in testicular tissue (both of *P* \< 0.009) (Figures [2(a)](#fig2){ref-type="fig"} and [2(b)](#fig2){ref-type="fig"}).

[Figure 3](#fig3){ref-type="fig"} demonstrates histological findings of each group. Seminiferous tubules and interstitium in testicular tissue were found to be normal in the control animals. Germinal cells were found to be degenerated and disorganized and also reduced in number in diabetic rats. [Table 1](#tab1){ref-type="table"} shows the comparison of the histologic changes between control and diabetic groups. In diabetic rats, the MSTD value and Johnsen\'s score were significantly low. Diabetic condition appeared to have impaired spermatogenetic process which was also reflected by a decrease in the mean testicular score. In diabetic group, STBM was found to be significantly thickened compared to the control group (*P* \< 0.05).

Apoptosis and VEGF immunoreactivity are shown in [Figure 4](#fig4){ref-type="fig"}. More TUNEL-positive cells were found in diabetes group compared to control group. Quantification and statistical analysis of the TUNEL staining showed that the number of TUNEL-positive cells was significantly increased in diabetic group compared to control group ([Table 1](#tab1){ref-type="table"}). As evidenced in the representative photographs which show VEGF expression, VEGF reactivity appears to be more prominent in control group compared to diabetic group. Intensity of VEGF immunoreactivity was scored higher in control group compared to diabetic group ([Table 1](#tab1){ref-type="table"}).

In correlation analysis, a very strong positive correlation was found between VEGF and NGF-*β* levels (*r* = 0.925, *P* = 0.0001) ([Figure 2(c)](#fig2){ref-type="fig"}); very strong negative correlation was found between TUNEL+ cells and VEGF levels (*r* = −0.871, *P* = 0.0001) and also TUNEL+ cells and NGF-*β* levels (*r* = −0.912, *P* = 0.0001).

4. Discussion {#sec4}
=============

Findings suggest that, in diabetic rats, the number of TUNEL-positive cells was found to be increased, seminiferous tubules were found to be impaired, spermatogenic cell series were found to be lost and associated with all these findings, and VEGF and NGF-*β* levels were found to be decreased. To our knowledge, this is the first study that investigated the correlation of diabetic process and testicular VEGF and NGF-*β* levels in rats.

It is already known that diabetes mellitus plays role in the etiology of testicular dysfunction (apoptotic cell death and atrophy of the seminiferous tubules, decreased tubule diameters, and reduction of spermatogenetic cell series) \[[@B17], [@B29], [@B32]\]. Major morphological indicators of spermatogenic failure are seminiferous tubules atrophy and spermatogenic cell loss \[[@B7], [@B8]\].

Johnsen\'s score is used to determine the presence of testicular damage \[[@B21]\]. In our study, tubule diameters and spermatogenetic cell series were found to be decreased in diabetic testis. Another important finding was the increase in TUNEL-positive cells in the germinal epithelium which was consistent with germinal cell apoptotic process. Apoptosis plays an important role in the pathogenesis of testicular dysfunction in diabetes \[[@B17], [@B7]\]. Several factors are known to cause apoptotic cell death such as oxidative stress and decreased neurotrophic or angiotrophic factors \[[@B17], [@B3], [@B37]\].

The neurotrophic factors such as NGF and VEGF are known regulators of growth, proliferation, differentiation, and survival of neurons \[[@B24], [@B20]\]. *β*-NGF is found in the nervous system and in testicular tissue \[[@B12], [@B19]\] and is known to be involved in sperm development. High levels of NGF were found in epididymal head and body (maturation of sperms occurs in epididymis). The decrease in NGF level is most likely a result of germ cell atrophy \[[@B5], [@B28]\]. In addition, Sertoli cells, spermatocytes, and early spermatids are known to synthesize NGF \[[@B5]\] which is involved in sperm motility and acrosome reaction \[[@B18]\]. In our study, NGF levels were found to be decreased in the diabetic testis.

VEGF is an angiotrophic and neurotrophic factor that mediates angiogenesis and supports endothelial cell and neuronal survival \[[@B15], [@B27]\]. VEGF is important for spermatogenesis. VEGF receptors are located on interstitial cells and seminiferous tubules \[[@B6]--[@B23]\]. VEGF supports proliferation and survival of germ cells \[[@B9]\], regulates microcirculation \[[@B14], [@B4]\], and modulates endothelial permeability in testis \[[@B11]\]. In addition, VEGF facilitates the transport of endocrine hormones and nutritional components \[[@B34]\] and oxygen \[[@B22]\]. Tunçkiran et al. showed that VEGF administration decreased apoptosis in testicular germ cells \[[@B35]\].

The expression of the VEGF is associated with the expression of NGF \[[@B10]\]. Topical NGF supplementation increases VEGF levels, modulates NGF receptors, and decreases apoptosis \[[@B16], [@B25]\]. NGF also is known to induce VEGF upregulation \[[@B26]\]. In our study, correlation between VEGF and NGF-*β* levels was found to be significant.

In conclusion, our evidence suggests that testicular VEGF and NGF-*β* levels are decreased in diabetes which is associated with increased apoptosis and testicular damage. We are suggesting that testicular VEGF and NGF-*β* levels can be helpful as biomarkers for diabetic testicular damage. Further human and animal studies are needed to determine the degree of testicular damage and its correlations with neurotrophic factors following streptozotocin injection in rats.
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![Biochemical investigation results: (a) testis NGF-*β* levels and (b) testis VEGF levels. (c) Correlation between NGF-*β* and VEGF levels of testis, (7 control, 7 diabetic rats), *n*: 14, *r* = 0.925, *P* = 0.0001, \**P* \< 0.05, DM: diabetes mellitus.](DM2014-108106.002){#fig2}

![Representative photomicrographs of hematoxylin-eosin-stained and periodic-acid-Schiff-stained sections in the testes of rats. DM: diabetes mellitus. Seminiferous tubule basale membrane thickness increased in the diabetic group (arrows).](DM2014-108106.003){#fig3}

![Representative photomicrographs of TUNEL+ and VEGF+ cells in the testes of rats. DM: diabetes mellitus. The number of TUNEL+ cells increased in the diabetic group (arrows).](DM2014-108106.004){#fig4}

###### 

Seminiferous tubule diameter (STD), thickness of STBM, Johnsen\'s scores, TUNEL-positive cells, and VEGF-positive cells in the testes of rats.

            Micrometer       Micrometer    Johnsen\'s score   TUNEL+ cell    VEGF+ cell
  --------- ---------------- ------------- ------------------ -------------- -------------
  Control   377.3 ± 12.4     4.6 ± 0.2     9.2 ± 0.4          6.5 ± 0.9      2.7 ± 0.2
  DM        221.4 ± 14.8\*   6.4 ± 0.2\*   4.8 ± 0.4\*        68.2 ± 1.3\*   1.2 ± 0.2\*

\**P* \< 0.004 compared with control group. DM: diabetes mellitus.
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